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Modular Design of Multi-scale Models

Reproducibility,usability, and extendibility of multiscale
mathematicalmodels are limited by transparencyof the
model structure, level of documentation, and
dependenciesacrossmodel components. Codinga model
from scratchis often more time efficient than addingnew
biology to a pre-existing implementation. High turnover
rate of personnel in academiclabs and the collaborative
natureof sciencenecessitatea solution if modelsare to be
reused and added to. Here we present that solution
applied to an agent-based model of the innate immune
response to a fungal infection of the lung, specifically
invasiveaspergillosis.

INTRODUCTION RESULTS

MODULAR PRINCIPLE

1. Separatemodel dynamic processesfrom
eachother into self-containedmodules

2. Allow process communication through a
global shared state variable, not directly
processto process

Newsoftwaredesigncomponents:

1. GlobalSharedStatevariable

ÅContains only simulation data and
parameters

2. Modules

ÅContain a sub-model of one dynamic
processusedto updatethe globalstate
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Figure1. InvasiveAspergillosis. Pulmonaryinvasiveaspergillosisoccurs
when inhaledAspergillusfumigatussporesestablisha foothold in the
lungs. TheōƻŘȅΩǎinitial defenseconsistsof the alveolarepithelialcells
andthe innateimmunesystem. Multiscalemodelingof this diseasewill
help determine featuresthat cangive the host an advantagein killing
the fungus. Adaptedfrom [1].

Figure2. Modular Principle. A. Weimplementsimulationdata(GlobalSharedState)asblocksof memoryόάǎǘŀǘŜέύshared
amongstmodules. Agentdataandmodelparameters(monocytedata)are appendedto this memoryόάǎǘŀǘŜ.ƳƻƴƻŎȅǘŜέύ.
B. An implementedΨƳƻŘǳƭŜΩconsistsof two parts, a state definition (ModuleState) and the sub-model definition
(ModuleModel). Within the statedefinition is the template for memoryallocationfor dataappendedto the stateasin A,
independentof the values. Themoduleinitializesthesedatabasedon a flexibleuserconfiguration,andaltersthe dataat
eachtime stepaccordingto its sub-model.

Figure3. Addinga Module. Theadditionof biologycorrespondsto additionor alterationof a module. Toadda module,a
developermust simplyfollow the componentsmarkedin red to 1) codetheir new biologicalmodel (e.g. a new cell that
producesa toxin to the fungusat cell_Nlocation) 2) define new state data related to the new cell and 3) update any
modulesto reflect the newbiology(e.g. A. fumigatusreadsdatato detect toxin andlower health).

Figure4. VersatileSimulation SpaceGeometry. There
is no direct dependenceof the moduleson the data
their sub-modelsuse,includingthe alveolargeometry.
Asa result,manygeometriescanbe createdandtested
without alteringanyof the modules.

Major advantagesof the modularimplementation:

Å Minimizessub-modelinterconnections

Å Makesmodelanddatadependenciestransparent

Å Relocates functional properties from tissue
geometryinto modules

Å Makesadding, deleting,or replacingmodulesand
changingtissuegeometryeasy

Å Allowssimulationof multiple biologicalscenarios

Å Widerangeof applicationsin modelingdisease

Å Allowsfor crowdsourcingof modelingefforts
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